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SUMMARY 
PART 1- SOYBEAN:S 
Two widely different types of injury were inflicted on replicated 
soybean plots at five stages of plant development in each of two years. 
Three percentages of defoliation, 0, 50 and 100 percent, were applied 
in all possible combinations with five percentages of plant breakage, 
0, 2'5, 50, 75 and 100 percent. The objective was to make a critical 
evaluation of defoliation and breakage components as measured by their 
separate and additive effects on seed yield and .other agronomic and 
chemical attributes. 
Defoliation reduced yields more than did breakage. Yield con-
sistently was reduced most when injury was inflicted at about the time 
seed began to develop in the lower pods. Yield ~as least affected by 
Injury before the blooming period. 
Stage of plant development at time of Injury was of primary im-
portance. The response at different stages of growth was consistent for 
the different types of Injury. 
At each stage of growth, 100 percent defoliation reduced yields more 
than twice as much as did 50 percent defoliation. 
Pronounced reductions in yield due to breakage were obtained with 
no defoliation. They were less noticeable at 50 percent defoliation, and 
at 100 percent defoliation, yield reductions were almost obscured. ' 
Seed weight was lowered only from late fiowerlng to the "green bean" 
stage of development for '50 and 100 percent defoliation. Stem breakage 
alone had no effect on seed weight. . 
At all stages of growth, defoliation had a greater effect on maturity 
than did breakage. From seedling· to fiowering stages of growth, maturity 
was delayed about 2-3 days by 50, and 9 days by 100 percent defoliation. 
Additional delay of 2·3 days was observed when the above percentages 
of defoliation were combined with 100 percent breakage. Defoliation 
and breakage had little effect on maturity at the beginning of seed de-
velopment stage. Defoliation of 50 and 100 percent at the "green bean" 
stag", hastened maturity 1·2 and 3·4 days, respectively. Breakage did 
not affect maturity at this stage. 
Seed quality (appearance) was lowered noticeably only from late 
flOWering to "green bean" stages of development by 50 and 100 percent 
defoliation. 
Defoliation of 100 percent lowered oil content 1-2 percent at all 
stages of growth. Defoliation of 50 percent and breakage had little 
effect on oil percentage. 
From seedling to flowering stages of growth, protein percentage 
tended to increase slightly as the level of defoliation increased. At the 
"green bean" stage, protein percentage was decreased about 1 percent by 
50 and 100 percent defoliation. Breakage had no effect on protein per· 
centage. 
Iodine number of the oil generally increased at all stages of growth 
as percentage of defoliation increased. Breakage did not affect iodine 
number. 
PART II-CORN 
Injury to corn comprised three separate stUdies, each conducted in 
1949 and 1950. 
The objective was to evaluate the effects of various percentages of 
defoUation and stand reduction components, as measured by their separate 
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and combined effects, on seed yield. In the first replicated experiment, 
corn plants were defoliated 0, 10, 25, 50, 75 and 100 percent at four 
stages of growth; 1'1·12 leaf, 40 percent tassel, silks 75 percent dry and 
ears in milk. When defoliation did not exceed 50 percent, plants in the 
11·12 leaf, 40 percent tassel and silks 75 percent dry stages responded 
similarly to defoliation. Defoliation reduced yield generally less at the 
milk stage than at the other three stages. 
When plants were completely defoliated, zero yield resulted at the 
40 percent tassel stage, about 20 percent yield at 11·12 leaf and silks 
75 percent dry stages and about 47 percent at the milk stage. Loss in 
yield was correspondingly less as level of defoliation was decreased.. 
Weight per bushel was not significantly reduced at any stage of growth 
when defoliation did not exceed 50 percent. Lower test weights re-
sulted only at silks 75 percent dry and milk stages with 75 and 100 per· 
cent defoliation. 
At all stages of growth, kernel weight became progressively 'smaller 
as defoliation was increased. 
In the second experiment, corn plants were completely defoliated at 
six stages of growth: 4"5 leaf, 8·10 leaf, 11·12 leaf, 14·15 leaf, 40 percent 
tassel and silks 1-5·20 percent dry. Defoliation of 100 percent at the 4·5 
leaf stage did not reduce yield noticeably, but as more leaf area was 
progressively exposed and subsequently removed, yield was rapidly 
lowered. 
A third experiment was designed primarily to measure effects of 
different percentages of stand reduction, 0, 10, 2'5 and 50 percent, at 0 
and 50 percent defoliation each at three stages of growth. Stand re-
duction of 10 percent reduced yields about 6 to 9 percent at the 4·5 leaf, 
7·8 leaf and 11·12 leaf stages. Yields were further reduced from 2'5 per-
cent stand reductions. 
Yields generally were lowered aboi.It 30 percent by 50 percent stand 
reduction, with rather widespread differences between years. 
When 50 percent defoliation was simultaneously applied with stand 
reduction at 4-5 leaf and 7·8 leaf stages, yield was not further reduced. 
Yields at the 11-12 leaf and 40 percent tassel stages were further re-
duced by 50 percent defoliation, although the effects of these widely 
different types of injury were not additive. 
It was evident that the effect of environment during the growing 
season somewhat altered the ultimate yield resulting from stand re-
duction and defoliation. 
Effects of Certain Components of 
Simulated Hail Injury on 
Soybeans and Corn1 
By M. P. CA:llERY AND C. R. WEBER' 
Hail injury to crops is rather frequent and widespread in Iowa. 
No figures are available on losses to specific crops, but annual estimated 
losses to all crops in Iowa from 193G to 1948 have been large, particularly 
in 1943, 1944 and 1947. These losses, shown in table 1, were compiled 
from township assessors' reports. 
TABLE 1. AlXNUAL ES'l'IMATED LOSSES FRO1\! HAIL INJURY TO 
ALL CROPS IN IOWA FRO:\1 1941·50.' 
Y!lar 
1941 
1942 
1943 
1944 
194'5 
1946 
1947 
1948 
19~9 }~.?a\lable~ 
1900 discontinued. 
20·year average 
1923.42 
10·year average 
1939·48 
Estimated crop 
losses from 
hail damage 
$ 2,649,434 
4,184,133 
13,232,824 
10,000,175 
6,839,576 
7,464,212 
11,302,909 
6,299,869 
$ 3,092,366 
$ 6,471,859 
Number of Iowa 
counties reporting 
hail damage 
91 
95 
97 
95 
96 
95 
88 
95 
·Taken from the annual Iowa Yearbooks of Agriculture issued by the State 
Department of Agriculture and published by the State of Iowa, Des :'Iloines, 
Iowa. 
In 1947, the losses in five counties were more than 1 million dollars. 
Simulated hail damage experiments are conducted primarily to pro-
vide information which will enable farmers and hail insurance com· 
panies to ascertain, at time of loss, the Ultimate damage to a growing 
crop. Past investigations for the most part have attempted to imitate 
actual hall injury. Considerable difficulty has been encountered In 
1 Project No. 1179 of the Iowa Agricultural Experiment Station. The project 
was supported in part by a grant·in-ald from the Hall Insurance Adjust-
ment and Research Association and 11 mutual insurance companies. The 
authors are indebted to the staff of the U. S. Regional Soybean Laboratory. 
Urbana, Ill., for the chemical analyses of the seed. G'rateful acknowledge-
ment is also extended to Professors I. J. JohnSOn and J. C. Eldredge who 
have offered constructive suggestions and criticisms during the cOUrse of 
these investigations and in the preparation of this manuscript. John Staby, 
Experiment Station photographer, took the photographs. This work was 
part of an M. S. thesis submitted by the senior author to the graduate fac-
ul ty of Iowa State College. 
2 Formerly graduate assistant In Farm Crops, Iowa Agricultural Experiment 
Station. now Agronomist, Green Giant Company. LeSueur, Minn.: and as-
sociate professor, Farm Crops, Iowa Agricultural Experiment Station, and 
Agronomist. Division of F'orage Crops and Diseases, United States Depart-
ment of Agriculture, respectively. 
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attempting to translate the resulting data into information useful in 
determining the extent of injury due to actual hail. 
It has become apparent from past investigations that the component 
factors which contribute to the ultimate damage must be considered 
relative to their separate or individual effects. The objective of this 
study was to make a critical evaluation of some of these component 
factors, as measured by their separate and additive effects on yield of 
seed and other agronomic characters of soybeans and corn. No attempt 
was made to make the general appearance of the treated plants similar 
to that of plants actually injured by hail. The experiments were de-
signed to yield information having direct application to hail adjustment 
problems in the field. 
The first part of this study was concerned with sQybeans and the 
second part with corn. The data presented will be inchMed under these 
two major subdivisions. 
REVIEW OF LITERATURE 
Simulated hail studies have been conducted with several different 
crops. Eldredge (2) reviewed 60 references bearing on this and related 
subjects previous to 1935, and presented results of a 5-year study of the 
effect of injury imitating hail damage to corn. He found the greatest 
reduction in yield of grain occurred when injury (leaf stripping, leaf 
shredding and stalk brUising) was inflicted during the tasseling period. 
Kalton et al. (3), in an extensive survey of literature, reviewed simu-·. 
lated hail studies conducted previous to 1945 and reported data from a 
4-year investigation on the effect of injury Simulating hail damage on 
soybeans. Light, medium and heavy simulated hail treatments were in-
flicted on Richland and Lincoln soybeans at different stages of growth. 
The two varieties responded in a similar manner. Beating and clipping 
showed little difference in the resulting damage. Treatments including 
stand reduction, defoliation and shatter tests were used in addition to 
the simulated hail tests. Effects were measured on yield, weed growth, 
seed size, plant height, maturity, seed quality, oil and protein 'per-
centages of the seed and iodine number of the oil. The results showed 
that yield was reduced most by injury at the time the beans began to 
develop in the lower pods. The least reduction occurred when the plants 
had two to five trifoliate leaves. 
Simulated hail injury before and during blooming delayed maturity 
as much as 8 days but hastened maturity after the "green bean" stage. 
Plant height was reduced as milch as 40 percent when injury occurred 
during the blooming period. Seed quality was generally lowered by 
medium and heavy damage. Weed growth was increased and yields 
slightly reduced when plants were cut off above the cotyledons at the 
time one or two trifoliate leaves were unrolled. 011 percentage of the 
seed was decreased by heavy damage before the pods began to turn 
yellow. Simulated hail damage did not affect protein percentage of the 
seed but it increased iodine number of the oil when inflicted during pod 
formation and early seed development. 
Cutting the plants off both near the ground and at half their height 
at Sllccfssive stages of growth caused a progressively greater decrease 
~~~ . 
Removal of 10 to 75 percent of the leaves before blooming slightly 
reduced yields. All defoliations reduced yields most when the beans 
were just beginning to develop in the pods. Only 100 percent de-
folifltion during blooming had a marked effect on plant height. Poorer 
sepd Quality resultE'd only from 100 percent defoliation during seed de-
velopment. and seed size was reduced by 75 and 100 percent leaf re-
moval at the same stages. 
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The shatter tests indicated that seed size is important in estimating 
shatter losses from hail. 
Incomplete data of Neill (6) suggest results similar to those re-
ported by Kalton et a1. 
Morris (4, 5) studied the effect of simulated hail damage to sugar 
beets at the Montana Station. This investigation began in 1946. Effects 
of defoliation resulting from basic land fertility (two levels of fer-
tility) , nitrogen fertilizer (0 or 300 pounds of ammonium sulfate and 
sodium nitrate) and whipping the plants with a flexible wooden whip 
were studied in all possible combinations. Results obtained from 1946 
to 1949 showed that complete (100 percent) or partial (,50 percent) de-
foliation during the latter part of June or July caused average losses of 
approximately one·fourth and one-sixth of the crop, respectively. Twenty-
flve percent defoliation usually caused a loss of less than 10 percent. 
Complete defoliation In August caused less loss in tonnage than earlier 
treatments but decreased sugar content of the beets 2 to 4 percent.' In 
general, an application of nitrogen fertllizer resulted in a more rapid 
re~overy of the beet than the check. 
Part 1. Soybeans 
EXPERIMENTAL METHODS 
Several years of study of injury simulating hail on soybeans show that 
the component factors which contribute to the ultimate damage must 
be considered relative to their individual and additive effects. An actual 
hail loss normally is attributable to several distinct types of Injury: 
defoliation, stem bruising and breakage, loss of terminal buds and grow-
ing points, direct stand losses and destruction of pods. In this Investi-
gation an attempt was made to examine, separately and collectively, 
two component factors of a hall loss--defoliatlon and stem breakage. 
Experimental plots were subjected to five percentages of stem break· 
age within three percentages of defoliation each at five stages of growth. 
Thus, 75 treatments were involved, with each replicated four times. A 
split·spllt plot design was employed where percentages of defoliation 
were whole plots, stages of growth the sub·plots and breakage percent-
ages the sub-sub·plots. . 
The Richland variety, because of its use in a previous investigation 
on simulated hail injury, was selected for this experiment. Plots were 
drilled in 16·foot rows spaced 40 inches apart at a rate of approximately 
1 bushel per acre. Weeds were completely controlled. The 1949 test 
was planted on May 27 and the 1950 test on May 1'2. In both years, 
the plots ripened before frost, and harvesting and threshing were com-
pleted under excellent conditions. 
The characters studied and methods of evaluation were as follows: 
Seed yield - air·dried to uniform moisture before weighing, recorded 
in grams and converted to bushels per acre. 
Date of maturity - recorded when 95 to 100 percent of the pods bad 
turned brown. Maturity was recorded as the number of days after Aug. 
31 woen this stage was reached. 
Height - measured in inches from the ground level to the highest 
part of mature plants. 
Lodging-scored on a mature row: scale ranged from 1, if most 
plants in the row were almost erect, to 5, if most plants were prostrate. 
Seed toeight - recorded in grams per 100 seeds for a randomly se-
lectE'd sample of clean seed from each plot. 
Oil and protein percentage - measured on a moisture·free basis from 
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TABLE 2. STAGES OF GROWTH AT WHICH INJURY WAS INFLICTED 
ON SOYBEANS IN 1949 AND 1950. 
Stage 
of 
gro.wth 
1 
3 
5 
7 
9 
I Date 
. 1949 1950 
, 6-14 6-8 
6-30 6-26 
7-11 7-12 
8-3 8-8 
8-24 8-31 
Height (in.) 
4-5 
14-16 
22-24 
29-31 
32-34 
General description of plant 
dcvelopment 
First trifoliate leaf· completely un-
rolled. Second trifoliate leaf just 
unrolling. 
Five to six trifoliate leaves un-
rolled. Less than 1 percent of 
plants showing !lowers. 
Nine to ten trifoliate leaves un-
rolled. Full bloom stage with with-
ered !lowers In lower leafaxils. 
Lower pods nearly full length with 
beans dcveloping In them. Pods 
plainly evident at top of plants. 
Flowering ceased. 
Bottom leaves on plants beginning 
to turn yellow. Top pods almost 
fully developed and containing 
beans approaching "green bean" 
stage. 
a composite sample of four replications of each treatment. 
Iodine number of oil- calculated by a refractive' index of the oil 
on a colorimetric scale. 
Plots were treated at five stages of growth. A description of each 
stage with calendar date of occurrence is given iritable 2. 
Three percentages of defoliation were us'ed: 0, 50 and 100 percent. 
The plots were defoliated as carefully and accurately as possible. For 
50 percent defoliation, one-half the leaf tissue from each node was re-
moved.' This was achieved by removing all of one side leaflet and the 
terminal half of the center leaflet of each trifoliate leaf. At 100 percent 
Fig. 1. 100 percent defoliation at stage 1. 
• In defoliation of plants at stages 1 and 3, cotyledons were not removed. 
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Fig. 2. 100 percent defoliation at stage 5. 
defoliation, all vegetative leaf growth was removed. Figures 1 and 2 sh()w 
100 percent defoliation at stages 1 and 5, respectively. 
For purposes of this investigation, breakage was defined as follows: 
Each plant to be broken was bent completely over at one·half the plant 
height with a firm pressure applied at the point of bending. Five per-
Fig. 3. 100 percent defoliation and breakage· at stage 1. 
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centages of breakage were used: 0, 25, 50, 75 and 100 percent. At stage 
1 in 1949, an estimate of 60 percent of the plants to which the breakage 
treatment was applied were completely broken off. Similarly, 15-20· per-
cent were completely broken off in 1950. Figure 3 shows 100 percent 
defoliation and breakage 
at stage 1. At stages 7 
and 9, stems had become 
semi-woody and break-
age resulted in 100 
percent broken stems 
(stems not severed from 
stubble). A typical break-
age at stage 7 is shown 
in fig. 4. At other stages, 
namely, 3 and 5, plants 
were not broken but re-
mained in a bent con-
dition. 
EXPERI-
MENTAL 
RESULTS 
These studies were 
designed to isolate, sing-
ly and combined, the ef-
fects of defoliation and 
breakage on seed yield, 
other agronomic charac: 
ters and chemical com-
position of the seed. The 
data are presented to 
Fig. 4. 100 percent defoliation with brealt- show the effect of defol!-
age at stage 7. Photograph taken at maturity. ation with no breakage, 
breakage with no defoli-
ation and defoliation with breakage on each character. For brevity, stages 
of growth usually are referred to by the numerical stage or stages. 
Calendar dates are omitted because planting date and seasonal environ-
ment exert considerable influence on the time plants reach a particular 
stage of development. Calendar dates of stages of growth are given in 
table 2. 
SEED YIELD 
EFFECT OF DEFOLIATION 
Yields in bushels per acre and in percent of ChECk resulting from 
three percentages of defoliation are shown in table 3 and fig. 5. The 
effect of defoliation on yield was greatest at stage 7, at the beginning 
of seed formation in the lower pods, and was least at stage 3, the vege-
tative stage .immediately preceding flowering. Effects at stages 5 and 9 
were intermediate between stages 3 and 7. The response to defoliation 
at stage 1 was markedly different between years. In 1949; 50 and 100 
percent defoliation had little effect on yield. In 1950, 100 percent de-
foliation markedly reduced yields due to loss of stand following treat-
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TABLE 3. EFFECT OF THREE PERCENTAGES OF DEFOLIATION AT 
FIVE PERCENTAGES OF BREAKAGE EACH AT FIVE STAGES 
OF GROWTH ON SEED YIELD (bu./a.) OF SOYBEANS. 
1949·50. 
I 
Mean-bu./a Percent of check 
Percent 
Percent defoliation Percent defoliation breakage 
0 I 50 I 100 0 I 50 I 100 
I 0 I I I I 29.6 25.5 23.0 102.4 88.2 79.6 I 25 28.6 27.0 I 23.3 99.6 93.4 I SO.6 
Stage 1 I 50 27.9 28.4 I 22.3 96.5 I 98.3 I 77.2 
I n 26.6 27.2 I 20.5 92.0 I 94.1 I 70.9 
I 100 24.0 24.0 I 16.1 83.0 I 83.0 I ~5.7 
I I I , I 0 30.1 28.5 I 23.4 104.2 98.6 81.0 
I 25 29.0 I 27.0 I 23.5 100.3 I 93.4 I 81.3 
Stage 3 I 50 29.1 I 27.5 
I 
21.9 100.7 I 95.2 I 7'5.8 I 75 27.1 I 26.2 22.4 93.8 I 90.7 I 77.5 . 
I 100 25.8 I 26.3 21.4 89.3 I 91.0 I 74.0 
I I I I I I 0 28.5 I 26.3 I 18.8 98.6 92.7 65.1 
I 25 27.7 I 27.2 I 19.1 95.8 , 94.1 I 66.1 Stage 5 I 5r 26.4 26.7 
I 
19.1 91.3 92.4 I 66.1 
I 75 26.5 I 26.4 20.0 91.7 I 91.3 I 69.2 I 100 25.1 25.1 19.6 86.9 I 86.9 I 67.8 I I I I I 0 27.4 I 23.6 I 5.4 94.8 81.7 18.7 I 25 25.4 I 23.4 I 5.2 87.9 81.0 I 18.0 Stage 7 I 50 24.0 I 22.5 I 5.0 83.0 77.9 I 17.3 
I 75 22.6 I 20.9 I 4.6 78.2 I 72.3 I 15.9 I 100 19.7 I 19.1 4.8 6S.2 66.1 I 16.6 
I I I I I 0 28.9 25.1 18.7 100.0 86.9 64.7 I 25 28.0 I 24.2 18.0 96.9 83.7 62.3 Stage 9 I 50 27.3 22.8 18.5 94.5 I 78.9 64.0 
I 75 26.3 I 23.0 17.8 91.0 I 79.6 I 61.6 
I 100 26.5 I 23.5 17.9 91.7 I 81.3 I 61.9 
Mean of all check,; - 28.9 bu./a. 
I06r-------r-----~r_----_,------_,--_. 
Fig. 5. Mean yields In 
percent of check result- 82r:===l~:_--r_--~~_:~~ Ing from three percent- 10-
ages of defoliation with 
no breakage at five stages 
of growth of soybeans, 
1949, 1950 and combined. 
Mean yield of all checks: 
28.9 bu~ la. ~ 
<II 
o 
..J 
.., 
~ 4G~----~~----~r-~~-f--~+f-f--~ 
~ AV. 
~ ________ 1949 
34 _._. _ 1950 --1i----\\';:-t-r--:-t---j 
MEAN YIEL.O OF AL.L. 
CHECKS - 28.9 eU.lA. 
22~---4----~--~~----r-~ 
IOLI-----~3~----~5~---~1~----~9----' 
STAGES OF GROWTH 
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TABLE 4. ANALYSES OF VARIANCE OF SEED YIELDS OF SOYBEANS. 
1949, 1950 AND COMBINED. 
Source of variation 
Whole plot: 
Defoliations 
Replications 
Error (a) 
Years 
Dafol. X yoars 
Error (a,) 
Sub-plot: 
Stages of growth 
Stages X defol. 
Error (0) 
Stages X rep. 
Stages X defol. 
Stages X years 
X rep. 
Stages X defol. 
Error (bl) X years 
Sub-sub-plot: 
Brealmges 
Break. X dofol. 
Break. X stages 
Break. X stages X 
Error (c) defal. 
Break. X rep. 
Break. X defal. X rep. 
Break. X stages X rep. 
Break. X defol. X stages X rep. 
Break. X years 
Break. X defol. X years 
Break. X stages X years 
Break. X defol. X stages 
Error (c,) X years 
Break. X rep. 
Break. X defol. X rep. 
Break. X stages X rep. 
Break. X defol. X stages X rep. 
Coefficient of variation (percent) 
o F value exceeds 5 percent level 
o. F value exceeds 1 percent level 
d.f. 
2 
3 
6 
1 
2 
12 
4 
8 
36 
12 
24 
4 
8 
72 
4 
8 
16 
32 
180 
12 
24 
48 
96 
4 
8 
16 
32 
360 
24 
48 
96 
192 
Mean squares 
1949 1950 1949-50 
1,683.94** 3,720.34"* 5,183.80" 
81.43 55.11· 
41.37 10.52 
589.05*" 
220.48" 
25.94 
1,209.21** 559.74** 1,532.75" 300.95" 195.99" 373.46" 17.12 10.86 
10.44 14.06 
20.47 6.63 
236.19*" 
122.88** 
13.99 
45.22"* 129.62** 160.27--
13.93*' 6.51 13.72·' 
6.55*· 21.75" 15.36" 
3.03 6.70** 6.57 0 ' 
2.51 3.57 
2.53 5.34 
3.24 3.43 
2.24 3.34 
2.47 3.50 
14.57" 
6.72" 
12.94" 
9.66** 
3.04 
3.94 
3.34 
2.79 
2.98 
6.63 8.60 7.59 
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ment. At other stages of growth, effects of defoliation were very similar 
in both years. 
Analyses of variance of yields (table 4) showed that mean differences 
among percentages of defoliation and stages of growth were quite large. 
The large mean square for years indicated that seed yields were dif-
ferent between years, the explanation being generally lower yields in 
1950. The interaction of percentages of defoliation X stages of growth 
was of considerable magnitude. This interaction was accounted for by 
the fact that average effects of three percentages of defoliation on yield 
were not the same at the different stages of growth. As shown in fig. 
5, the spread in yield resulting from three percentages of defoliation 
was considerably less at stages 1, 3, ii and 9 than at stage 7. 
Decreases in yield resulting from 50 percent defoliation at various 
stages of growth were considerably less than decreases from 100 percent 
defoliation. The effect of defoliation was determined largely by the stage 
of growth when leaves were removed. For example, the decrease in 
yield with 50 percent defoliation was greatest at stage 7 (2-year mean 
was 81.7 percent of check), while at stage 3 this treatment did not signi-
ficantly reduce yields. Two-year means in percent of check for 50 per-
cent defoliation at stages 1, 5 and 9 were 88.2, 92.7 and 86.9, respectively. 
Plants which had varying percentages of leaves removed at stages 
1, 3 and 5, and to a rather limited degree at stage 7, compensated in 
varying degrees for this loss of leaf area by producing new leaves from 
terminal and axillary buds. Photographs illustrating this phenomenon 
are shown in figs. 6, 7, 8, 9 and 10. Regeneration of vegetative tissue 
was greatest at stages 1 and 3, less at stage 5, only slightly evident at 
stage 7 and nonexistent at stage 9. The major portion of regrowth 
occurred at the terminal 
buds. Rate and amount or 
leaf regeneration from 
terminal and latent axil-
lary buds was highly de-
pendent upon environ-
ment following leaf reo 
moval. The 1949 grow· 
ing season was generally 
favorable for rapid re-
covery. However, in 1950, 
the environment was not 
conducive for recovery, 
which was reflected by 
generally lower yields 
from treated plots. 
The relatively large 
interaction mean square 
from stages of growth 
X years was explain~d 
by the aforementioned 
differential reaction of 
stage 1 to defoliation X 
Fig. G. Recover~- in 1 
month by plant 100 per-
cent defoliated and hent 
(not broken) at stage 1. 
Fig. 7. Recovery in 1 
month by plant 100 per-
cen t defoUa ted and stem 
broken off at stage 1. 
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Fig. 8. Recovery in 3 
weeks from 100 percent 
defoliation and breakage 
at stage 3. 
, 477 
FIg. 9. Recovery in 1 
week from 100 percent 
detollatlon and breakage 
at stage 5. 
FIg. 10. 100 percent defollation, 0 percent breakage at stage 7. Recovery 
in 3 weeks. 
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breakage in the 2 years. The highly significant interaction mean square 
from stages of growth X percentages of defoliation X years was pri-
marily attributed to the stages of growth X percentages of defoliation 
interaction. Of less prominence, but still of considerable consequence, 
were. defoliations X years and stages X years interactions. Explanation 
of the contributing interactions was given above. 
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EFFECT OF 
STEM BREAKAGE 
The effect of stem 
breakage at one·half 
plant height on seed 
yield was determined by 
inflicting each percent-
age of breakage (0, 25, 
50, 75 and 100) at each 
of five stages of growth 
on plants in the various 
plots. Yields in bushels 
per acre and in percent 
of check resulting from 
these treatments are pre-
sented in table 3 and 
graphically shown in 
percent of check in fig. 
11. 
Reductions in yield 
at anyone level of break-
age varied considerably 
with the stage of plant 
development. Like de· 
foliation, the ultimate 
effect of breakage at 
stage 1 was dependent 
9 upon the environment 3 57. 
~TAGES OF GROWTH 
. Fig. 11. Mean yields in percent of check, re-
sulting from five percentages of breakage with' 
no defoliation at five stages of growth of soy-
beans, 1949·50. Mean yield of all checks: 28.9 
bu./a. 
immediately preceding 
and following the in-jury. At stage 3, yields 
were not decreased when 
brealrage did not exceed 
50 percent. Yields In 
bushels per acre and in 
percent of check following these treatments are presented in table 3. 
They are graphically shown in figs. 12 and 13 for 50 and 100 percent de-
foliation, respectively, at five percentages of breakage. 
Pronounced reductions in yield due to breakage were obtained with 
no defoliation (fig. 11). Losses were less at 50 percent defoliation (fig. 
12). With 100 percent defoliation at stages 3, 5, 7 and 9, the effect of 
breakage was almost completely obscured (fig. 13) by the injury reo 
suIting from defoUation alone. Analyses of variance of yields (table 
4) showed highly significant mean differences for the breakage X stages 
of growth X defoliation interaction. Partial explanations for these 
Significant differences have been given in the two preceding sections. 
Further explanation is found by noting the variable effect of breakage 
on plots simultaneously defoliated. The effect of breakage (any per· 
centage) on yield was inversely related to percentage of defoliation. 
This explanation Is clearly shown by comparison of fig. 5, defoliation 
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with no breakage; fig. 11, breakage with no defoliation; fig. 12, break-
age with 50 percent defoliation; and fig. 13, breakage with 100 percent 
defoliation. 
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STAGES OF GROWTH 
Fig_ 12. Mean yields 
in percent of check, re-
sulting from five percent-
ages of breakage with 
60 percent defol1atlon at 
five stages of growth of 
soybeans, 1949-60_ Mean 
yield of all checks: 28.9 
bu./a. 
Fig. 13. ~rean yields 
in percent of check, re-
sulting from five percent-
ages of breakage with 
100 percent defoliation at 
five stages of growth of 
soybeans, 1949-60. Mean 
yield of all checks: 28.9 
bu./a. 
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COMBINED EFFECT OF DEFOLIATION AND BREAKAGE 
It was mentioned earlier that, with the exception of stage 1, the 
effects of defoliation and breakage were very similar for the respective 
stages of growth in both years. Defoliation alone, or accompanied by 
various percentages of stem breakage, did not significantly reduce yields 
at stage 1 in 1949. Similar treatments at stage 1 in 1950 resulted in 
a pronounced reduction in yield. Although no loss of stand resulted 
from defoliation and breakage treatments in 1949, severe stand losses 
resulted in 1950. Table 5 gives stand counts observed at harvest for 
TABLE 5. STAND COUNTS AT HARVEST FOR THE VARIOUS BREAK-
AGE TREATMENTS AT STAGE 1 WITH 100 PERCENT 
DE];'OLIATION IN 1950. 
Percent Replications Mean plants per Percent of 
breakage 1 I 2 I 3 I 4 1G-foot plot original stand· 
0 90 80 70 I 54 73.5 44.2 25 64 65 65 43 59.3 35.6 
60 51 56 27 I 26 40.0 24.0 75 24 37 21 30 28.0 16.8 100 5 7 20 15 11.8 7.1 
• 166.4 plants/plot was original stand. 
TABLE 6. EFFECT OF THREE PERCENTAGES OF DEFOLIATION AT 
FIVE PERCENTAGES OF BREAKAGE EACH AT FIVE STAGES 
OF GROWTH ON SEED WEIGHT (GRAMS PER 100 
SEEDS) OF SOYBEANS, 1949-50. 
a percent 50 percent 100 percent 
Stage Percent defoliation defoliation defoliation of 
growth breakage 1 Percent 1 Percent .\ Percent Mean check Mean check Mean chcck 
I I 0 15.9 98.8 16.1 
I 
100.0 16.1 100.0 
25 1S.3 101.2 15.9 98.8 16.0 99.3 
1 50 16.1 100.0 15.8 98.1 16.2 I 100.6 76 16.0 99.3 16.2 100.6 16.0 99.3 100 16.2 100.3 16.1 100.0 16.0 99.3 
a 16.1 100.0 16.1 
I 
100.0 16.1 I 100.0 
25 15.9 98.8 16.1 100.0 15.S 
I 
98.1 
3 50 15.S 98.1 15.6 96.9 16.0 99.3 
75 15.S 98.1 15.9 98.8 16.0 99.3 
100 15.7 97.5 15.7 I 97.5 16.1 100.0 
0 16.1 100.0 15.9 I 98.8 16.4 101.8 
25 16.0 99.3 15.9 
I 
98.8 16.3 101.2 
5 50 16.0 99.3 16.1 100.0 16.0 99.3 
75 16.5 102.5 16.1 100.0 16.1 100.0 
100 16.6 103.1 16.3 101.2 15.9 98.8 
0 16.~ 
I 
101.2 15.1 I 93.8 11.4 70.8 
I 25 16.4 101.8 15.5 I 96.3 11.6 72.0 
7 I 5U 16.9 105.0 15.6 I 96.9 11.7 72.7 I 75 16.9 105.0 15.5 96.3 11.5 71.4 
I 100 17.0 I 105.6 15.7 I 97.5 11.9 73.9 
I I I I 0 16.1 I 100.0 16.0 I 93.2 11.5 71.4 25 15.ll 98.8 14.9 92.5 11.6 72.0 9 I 50 15.S I 98.1 14.3 88.8 11.4 I 70.8 
I 75 15,4 I 95.7 14.7 I 91.3 11.0 I 68.3 I 100 15.5 I 96.3 14.6 90.7 11.1 I 68.9 
I I I I Mean 16.1 I 100.0 15.6 I 96.9 14.3 88.8 
Mean of all checks -lS.1 grams/lOa seeds. 
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the various breakage treatments at stage 1, 100 percent defoliation, in 
1950. No loss of stand was observed in plots with similar amounts of 
stem breakage but only 50 percent defoliation. 
An examination of weather data was made for the period immediately 
preceding and following the treatment date at stage 1 in 1949 and 1950. 
A probable explanation of the stand loss phenomenon is presented in the 
discussion section. 
SEED WEIGHT 
Mean seed weights for 1949 and 1950, in grams per 100 seeds, and 
2-year means in percent of check are presented in table 6. 
Seed weight was lowered noticeably only at stages 7 and 9 for 50 
and 100 percent defoliation. Stem breakage alone had no effect upon 
seed weight. 
Analyses of variance of seed weights (table 7) showed that differences 
among percentages of defoliation were large. The magnitude of this 
mean square was attributed largely to the effect of 100 percent de-
foliation. The highly significant mean square for stages of growth sug-
gests a differential response to treatments at different stages of growth. 
This was clearly observed in the data. Stages 1, 3 and 5 responded 
similarly in that treatments did not affect seed weight. Seed weight 
was noticeably smaller at stages 7 and 9. A very small mean square for 
TABLE 7. ANALYSES OF VARIANCE OF SEED WEIGHTS 
1949, 1950 AND COMBINED. 
Source of variation 
Whole plot: 
Defoliations 
Replications 
Error 
Years 
(a) 
Defoliation 
Error (at) X years 
Sub-plot 
Stages of growth 
Stages X defoliation 
Error (b) 
Stages X replications 
Stages X defoliation X replications 
Stages X years 
Stages X defoliation X years 
Error (bt) 
Sub-sub-plot 
Breakages 
Breakages X defoJiation 
Breakages X stages 
Breakages X stages X defOliation 
Error (c) 
Breakages X years 
Breakages X defoliation X years 
Breakages X stages X years 
Breakages X defoliation X stages 
year" 
Error (e1) 
OF value exceeds 5 percent level. 
··F value exceeds 1 percent level. 
X 
:\fean squares 
d.f. 
1949 1950 
2 128.64·· 65.83*" 
3 1.30 I 1.04 6 0.74 0.25 
1 
2 
12 
4 51.28" 80.96" 
8 47.02" 36.03" 
36 0.34 0.35 
12 0.46 0.04 
24 . 0.29 0.50 
4 
8 
72 
4 0.38 0.11 
8 0.18 0.20 
16 0.72" 0.22· 
32 0.18 0.21' 
180 0.20 0.13 
4 
8 
16 
32 
360 
1949-50 
188.60" 
0.29 
5.88" 
0.50 
117.57** 
74.50" 
14.67" 
3.55" 
0.35 
0.08 
0.15 
0.57'· 
0.31** 
0.48· 
0.24 
0.3S·· 
0.09 
0.17 
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percentages of breakage indicated differences among the percentages 
were practically non·existent. Slightly higher seed weights in 1950 
were observed. 
DATE OF MATURITY 
llean dates of maturity for 1949·50, expressed in days earlier or 
later than the date of maturity for all check plots, are shown in table 8. 
At all stages of growth, defoliation had a greater effect on maturity 
than breakage. At stages 1, 3 and 5, the delay in maturity was greater 
as the severity of injury increased. Delayed maturity of 2.5 and 9.0 
days was noted for 50 and 100 percent defOliation, respectively, at stage 
1. Maturity also was delayed at stages 3 and 5. An additional delay of 
1·3 days was observed when the above percentages of defoliation were 
combined with 100 percent breakage at stages 1, 3 and 5. Defoliation 
and breakage had little effect on maturity at stage 7, although a slight 
trend toward a 1·2 day delay with a breakage treatment of 75 and 100 
percent was noted. Maturity was hastened 3·4 days by 100 percent de· 
foliation at stage 9. Defoliation of 50 percent hastened maturity 1·2 
days. Breakage had no noticeable effect on maturity at stage 9. 
The trends for maturity indicated by the 1949 data were observed 
again but greatly accentuated in 1950. The cool, rather unfavorable 
growing conditions in 1950 had a delaying effect on maturity of all in· 
jured plots. At stages 1, 3 and 5, maturities were considerably later 
than observed on similar plots in 1949. This added delay due to un· 
favorable weather was on the order of 4·6 and 9·11 days for 50 and 100 
percent defoliation, respectively. 
TABLE 8. EFFECT OF THREE PERCENTAGES OF DEFOLIATION AT 
FIVE PERCENTAGES OF BREAKAGE EACH AT FIVE STAGES 
OF GROWTH ON MATURITY DA'l'E* OF SOYBEA::<IS, 1949·50. 
Stage Percent 0 percent 50 percent 100 percent breakage defoliation defoliation defolla tion 
0 +0.5 +2.5 +9.0 
25 +1.5 +2.5 +9.5 
1 50 +1.0 +3.0 +10.0 
75 +1.5 +3.5 +11.5 
100 +3.0 +4.0 +12.0 
0 0.0 +2.5 +9.5 
25 -0.5 +2.5 +10.0 
3 50 -0.5 +3.0 +10.5 
, 75 +1.0 +3.5 +10.0 
100 +0.5 +3.0 +11.0 
0 +0.5 +1.5 +8.5 
25 +0.5 +2.0 +8.5 
5 50 +0.5 +2.0 +9.5 
75 +1.5 +2.5 +10.0 
100 +2.0 +2.5 +10.5 
0 0.0 -1.0 +0.5 
25 0.0 -0.5 +0.5 
7 50 +0.5 -0.5 +1.0 
75 +1.5 -0.5 +2.0 
100 +1.5 +0.5 +2.0 
0 -0.5 -1.5 -3.5 
25 -0.5 -1.5 -4.0 
9 60 +0.5 -1.0 -4.0 
75 I 
0.0 -1.5 -4.0 
100 +1.0 -1.0 -3.6 
• Mean maturities expressed in (+) days later and (-) days earlier than 
o (mean for all checks). Mean maturity for all checks was Sept. 20 in both 
years. 
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HEIGHT 
Plant heights, presented as 2-year means, are given in table 9. Plant 
height was inversely related to severity of injury. At all stages of 
growth, and particularly at stages I, 3 and 5, plant height decreased as 
percentage of defoliation increased. Plants in 1950 averaged 4-5 inches 
shorter than in 1949 but closely followed trends established in the first 
year. 
TABLE 9. EFFECT OF THREE PERCENTAGES OF DEFOLIATION AT 
FIVE PERCENTAGES OF BREAKAGE EACH AT FIVE 
STAGES OF GROWTH ON PLANT HEIGHT 
(INCHES) OF SOYBEANS. 1949·50. 
Stage Percent o percent 50 percent 100 percent of 
growth breakage defolia tion defoliation defoliation 
0 32 30 25 
25 31 29 24 
1 50 31 30 24 
75 30 29 22 
100 28 27 22 
0 32 30 24 
25 31 30 24 
3 50 30 28 22 
75 28 26 23 
100 25 23 21 
0 31 28 24 
25 30 28 23 
5 50 28 27 21 
75 26 27 20 
100 21 21 18 
0 32 31 30 
25 28 29 27 
7 50 23 25 24 
75 20 21 19 
100 15 16 15 
0 32 32 31 
25 
I 
29 29 30 
9 50 27 27 29 
75 22 22 22 
100 18 19 17 
~Jean height of all checks - 32 inches. 
Stem breakage affected plant height in two distinct ways. A me-
chanical type of height reduction Occurred at stages 7 and 9. At these 
stages, height was directly dependent upon percentage of broken plants 
in the plot. Figure 4 clearly shows the effect of stem breakage upon 
plant height at these two stages. Although stem breakage noticeably 
reduced plant height at stages I, 3 and 5. the breakage effect was modified 
by plant recovery. Figures 6 and 7 show typical recovery from break-
age treatment at stage 1. The nature and extent of plant recovery in 
terms of height are apparent upon examination of these photographs. 
The effect of stem brealmge on plant height at stage 3 was similar to 
that observed at stage 1. Typical recovery from the breal,age treatment 
at stage 3 is shown in fig. 8. Noticeably less plant height recovery from 
brealmge occurred at stage 5 than at preceding stages. Figure 9 shows 
nature of recovery from the breakage treatment at stage 5. 
SEED QUALITY 
Seed quality (appearance) was lowered noticeably only at stages 7 
and 9 by 50 and 100 p~rcent defoliation. Seed quality was definitely 
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poorest at stage 9 with 100 percent defoliation. This was' due to many 
shrunken and shriveled seeds. Breakage had no noticeable effect on 
seed quality. Representative samples of seed resulting from 100 per· 
cent defoliation and breakage at stages 7 and 9 compared with samples 
of seed from check plots are shown in figs. 14 and 15. 
~\ 
STACE 7 
C HeCK BREAKACE 100" 
DEFOLI ATION 100 
CH E C K 
. DEFOLIATION 100 ' 
ORFA,' AC E 0' 
LODGING 
Fig. 14. Comparl. 
son of seed result· 
ing from 100 per· 
c e n t defoliation 
i and breakage at 
stage 7 wIth check. 
Fig. 15. Compari. 
son of seed result· 
Ing from 100 per· 
cent defoliation and 
no breakage at 
stage 9 with check. 
No definite trends were observed for lodging with any stage of growth 
or degree of injury. Hailstorms are generally accompanied by winds. 
For this reason, these data on lodging are not applicable to results that 
might occur with actual hail and are not presented here. 
CHEMICAL CmlPOSITON OF SEED 
The four replications of each treatment were composited into one 
sample from which oil and protein percentages and iodine number of 
the oil analyses were made. 
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OIL PERCENTAGE 
Oil percentages as 2-year means appear in table 10. Statistically 
significant reductions in oil percentage were obtained by 100 percent 
defoliation at all stages of growth. The 50 percent defoliation treatment 
had little effect and stem breakage had no effect on oil percentage of the 
seed. 
TABLE 10. MEAN OIL AND PROTEIN PERCENTAGES OF CO:lIPOSITE 
SAMPLES', 1949-50. 
Percent Stages of growth 
defoliation 1 I 3 I 5 I 7 I 9 
I I 
. I I 
0 20.5 I 20.4 
011 percen tag-e" 
I 20.3 I 19.9 I 20.2 50 20.1 I 20.0 I 20.3 20.1 I 20.2 
100 19.3 I 19.5 I 19.5 17.9 I 19.1 
I I I I 
0 
Protein percentage" 
40.4 I 40.8 I 40.8 I 42.0 I 41.2 50 41.4 I 41.0 41.0 40.9 I 39.7 100 41.8 I 41.2 42.1 42.0 I 39.8 
• Breakage had no significant effect upon 011 and protein percentage of the 
seed. Data presented in this table are means of five percentages of break-
age for each percentage of defoliation at each stage of growth. 
" Mean percentages of 011 and protein in check samples were 20.3 and 40.8, 
respectively. 
The highly significant mean square for stages of growth (table 11) 
indicated that aU stages did not respond in a similar way to treatments. 
In 1949, this slgnifiance was attributed to the reduction in 011 per-
centage at stage 9. In 1950, stage 7 responded In a manner similar to 
stage 9 in 1949, while stage 9 gave values similar to stages 1, 3 and 5. 
The significant mean square for stages in the 1949·50 data was explained 
by the noticeably lower oil percentage at stage 7. The 2·year average 
for stages 1, 3, 5 and 9 were similar. It should be noted that although 
the mean square for years was very small, a highly significant inter-
action was obtained for defoliations X years and stages X years. Partial 
TABLE 11. ANALYSES Ol!"VARIANCE OF OIL PERCENTAGES 
1949, 1950 AND COMBINED. 
:llean squares 
Source of variation d.t. I 
I 1949 I 1950 1949·50 I 
I I Defoliations 2 8.51'· 14.13" I 22.18'· Stages of growth 4 1.42" 3.49** I 2.57" Stages X defoliations 8 0.64" I 2.36" 1.17" 
I I 
Breakage 4 0.04 I 0.04 I 0.07 
Breakage X stages 16 0.03 I 0.02 I 0.02 
Breakage X defoliations 8 0.05 I 0.05 I 0.03 
Breakage X stages X defol. 32 0.03 I 0.05 I 0.05 
I , 
Years 1 I 0.00 
Defoliations X years 2 
I 
0.46'· 
Stages X years 4 I 2.34·' 
Breakage X lears 4 I 0.00 
Stages X de ollations X years 8 I 1.83** 
Stages X breakage X years 16 
I ! 
0.03 
Defol. X break. X years 8 i 0.07 Defol. X stages X break. X years 32 0.03 
'·F value exceeds 1 percent level. 
486 
explanation of this phenomenon was presented in earlier paragraphs. It 
should be further pointed out that the lower oil percentages resulting 
from treatments at stage 7 in 1950 were completely offset by the generally 
slightly higher oil percentages resulting from treatments at stages I, 3, 
5 and particularly stage 9 in 1950. As a result, these component dif-
ferences between years were wholly obscured. 
PROTEIN PERCENTAGE 
Mean protein percentages for the two years also are presented III 
table 10. At stages 'I, 3 and 5, protein percentage tended to increase 
slightly as the percentage of defoliation increased. Defoliation had no 
noticeable effect on protein percentage at stage 7. At stage 9, protein 
percentage was decreased about 1 percent by 50 and 100 percent de· 
foliation. Breakage had no noticeable effect on protein percentage. 
Analyses of variance of protein percentages (table 12) showed that 
differences between years were quite large. This was attributed to the 
generally higher protein percentages in 1949. 
TABLE 12. ANALYSES OF VARIANCE OF PROTEIN PERCENTAGE, 
1949 1950 AND CO"IBTNED 
"lean squares 
Source of variation d.f. I i 
1949 I 1950 I 1949·50 
I I 
I I 
Defoliations 2 1.19*· I 4.73"* I 4.16** 
Stages of growth 4 2.43" I 7.01** I 7.61** 
Stages X defoliations 8 2.64** I 3.79" I 4.37** 
I I Breakage 4 0.34 I 0.12 0.42 
Breakage X stages 16 0.28 I 0.10 I 0.15 Breakage X defoliation 8 0.26 I 0.27 0.38 
Breakage X stages X defoliation 32 0.20 I 0.21 I 0.24 
I I Years 1 I I 45.60" 
Defoliations X years 2 I I 1.76" Stages X years 4 I I 1.83* • Breakage X years 4 I I 0.04 
I I Stages X defoliation X years S I I 2.75** Stages X breakage X years 16 I I 0.23 
Defoliation X breakage X years 8 I I 0.15 Defo!. X stages X break. X years 32 I 0.18 
'*F value exceeds 1 percent level. 
IODINE NU:\lBER OF OIL 
Mean iodine numbers of the oil for 2 years are found in table 13. 
Iodine number generally increased at all stages of growth as percentage 
of defoliation increased. This trend was particularly noticeable at 
TABLE 13. "lEAN IODINE NU~mERS OF OIL FOR CO"lPOSITE 
SAMPLES' 1949·50 . 
Stages of growth 
Percent 
I I I I defollatlon 1 3 I 5 I 7 I 9 I I I 
\ I I I 0 128.8 J 12S.9 I 128.7 I 128.6 128.7 I I I 50 12H.O I 129.0 I 129.1 I 129.6 129.9 
1 
I I I 100 129.3 129.7 I 130.4 \ 137.9 131.8 
'''Iean iodine number of oil of all checks - 128.8. 
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stage~ 7 and 9, to a lesser extent at stages 3 and 5 and barely evident 
at stage 1. Breakage had no noticeable effect on iodine number at stages 
1, 3 and 5. At stages 7 and 9, iodine number decreased slightly as per-
centage of breakage increased. This trend was particularly noticeable 
at 100 percent defoliation. 
Analyses of Variance of iodine numbers (table 14) showed highly 
significant differences between years. This was explained by the 
generally higher iodine numbers resulting from treatments in 1949. 
The defoliations X years mean square indicated that the effect of de-
foliation differed between years. In 1950, 50 percent defoliation In-
creased iodine number slightly more than it did in 1949. However, 
100 percent defoliation did not increase iodine number to the extent it 
did in 1949. An examination of the means for 50 and 100 percent de-
fOliation in 1949 and 1950 clearly demonstrates these differences. In 
1949, the mean iodine number for 50 percent defoliation was 129.0, 
while in 1950, the mean was 129.6. The means for 100 percent defolia-
tion were 132.5 and 131.1 in 1949 and 1950, respectively. 
TABLE 14. ANALYSES OF VARIANCE OF IODINE NUMBERS, 
1949-50 AND CO~1BINED. 
Source of variation 
Defoliations 
Stages of growth 
Stages of defoliations 
Breakage 
Breakage X 
Breakage X 
stages of growth 
defoliations 
Breakage X stages X defoliations 
Years 
Defolia tions X years 
Stages X years 
Breakage X years 
Stag-es X defol. X years 
Stages X break. X years 
Defol. X break. X years 
Defol. X stages X break. X years 
'F value exceeds 5 percent level. 
""F value exceeds 1 percent level. 
d.t. 
1949 
2 118.00" 
4 7.74" 
8 10.89" 
4 0.36 
16 0040" 
8 0.13 
32 0.14 
1 
2 
4 
4 
8 
16 
8 
32 
DISCUSSION 
Mean ~quares 
I I I 1950 1949·50 I 
I I 
I 34.80" I 139.11" 51.62" I 46.99** 
I 33.13" I 39.88" I 
I 0.43" I 0.5S'· 0.13 0.40" I 0.08 0.10 
I 0.08 I 0.14 
I J I 1.44' 
I I 13.69" 
I I 12.37'· I 0.21 
I I 
I I 4.14'· 
I I 0.13 I 0.10 
I I O.OS 
When soybeans plants have been severely injured at an early stage of 
growth, the extent of recovery largely depends upon the weather im-
mediately preceding and following injury. Given favorable weather 
during this critical period, one may expect excellent recovery and little 
loss in yield. Such was the case in 1949 when 100 percent defoliation 
combined with 100 percent breakage at stage 1 reduced yield about 6 per-
cent but did not noticeably reduce stand. If, however, unfavorable 
weather conditions prevail immediately following injury, one might ex-
pect drastic reductions in stand and yield. In 1950, breakage combined 
with 100 percent defoliation severely reduced stand. Stand counts ob-
served at harvest for the various breakage treatments at stage 1, 100 
percent defoliation, in 1950, were presented in table 5, page 480. 
It should be emphasized that all plots were kept weed-free. Even 
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Fig. 16. 100 percent defoliation and breakage at stage 3. Taken at harvest. 
greater losses in yield could be expected if weeds were permitted to com-
pete with inadequate stands, as probably would be the case under actual 
hail conditions. 
An examination of air and soil temperatures and precipitation for 
the period immediately preceding and following treatment dates, June 
14, 1949 and June 8, 1950, was made to determine which environmental 
factors contributed to the stand loss in 1950. The data showed that soil 
and air temperatures were similar during periods observed in each year. 
In 1949 precipitation during and after treatment date was negligible. 
However, on June 9, the day following the 1950 treatment, 2.47 inches 
of rain fell. This excessive, wind-driven rainstorm coupled with air 
and soil temperatures apparently was sufficient to k1ll previously-
weakened plants. It was apparent by June 14 that many plants would 
not recover from injury inflicted on June 8. 
Figure 16 shows a portion of a plot which received 100 percent de-
foliation and breakage at stage 3. This type of lodging was defined as 
"non-recoverable plants," These lodged plants were the direct effect of 
breakage, Within a few days following breakage at stage 3, plants had 
again assumed almost normal growth development, see fig. 8, page 476. 
However, as plants approached maturity, increasing weight of foUage 
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and developing beans produced a stress at the original break. In many 
cases, this additional weight was sufficient to cause a second stem break 
at the old break. Defoliation had little effect on the relative occurrence 
of this type of injury. At 100 percent breakage about ~5-30 percent 
non-recoverable plants resulted. As the degree of breakage decreased, 
non-recoverable plants correspondingly decreased. At other stages of 
growth, breakage caused relatively few non-recoverable plants. This 
type of loss, while not reflected by the data herein, could result in a 
noticeable harVesting loss. 
Part 2. Corn 
EXPERTIMENTAL METHODS 
An investigation designed to study the effect of defoliation and stand 
reduction on corn was conducted at the Agronomy Farm, Ames, Iowa, 
in 1949 and 1950. This study comprised three separate experiments with 
Iowa Station hybrid 4297 used in each test. Plots were planted May 17 
in both years at five kernels per hill in 42-lnch checked rows. Two 
center rows in each plot were harvested, with an unharvested border 
row on either side. Eight days after emergence, all plots were thinned 
to a nearly perfect stand of three stalks per hill. All plots were kept 
weed-free. A description of treatments studied in each experiment 
follows. 
EXPERIMENT 1 
Plots were subjected to six percentages of defOliation, 0, 10, 25, 50, 
75 and 100 at each of four stages of growth: 11-12 leaves; 40 percent in 
tassel; silks 75 percent dry; and ears in milk. A split plot design 
with four replications was used with stage of growth the whole plot 
and percentages of defoliation the sub-plot. Plot size was 4 x 10 hills. 
The desired percentage of leaf area was removed from the terminal 
portion of each leaf with shears. Leaf sheaths were not considered as 
exposed leaf area and were not removed. Hereafter, the stage at which 
a certain number of leaves unrolled usually will be referred to as, e.g., 
4-5 leaf stage. 
EXPERIMENT 2 
In this test in 1949, 100 percent of the exposed leaf area was re-
moved from plants at intervals of 10 days, beginning 10 days after 
TABLE 15. STAGES OF GROWTH AND DATES OF OCCURRENCE 
WHEN CORN PLANTS WERE 100 PERCENT 
DEFOLIATED IN 1949 AND 1950. 
Stage of growth 1949 1950 Month and day Month and day 
4·5 leaves unrolled 6-10 6·9 
8·10 leaves unrolled 6·20 6·20 
11·12 leaves unrolled 7·1 7·2 
14-15 leaves unrolled 7·10 7·13 
40 percent ta ssel 7·20 7·28 
15·20 percent silks dry 8·1 8·12 
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emergence from the ground (4-5 leaf stage) and continuing to the final 
treatment when 15-20 percent· of the silks were dry. The stage of 
growth at each treatment was accurately observed and in 1950, treatment 
• ! 
Fig. 17. Check plant at 4-5 leaf 
stage. 
dates were determined by the stage 
of growth corresponding to the 1949 
treatments. Table 15 gives stages 
of growth at which treatments were 
applied with the date of occurrence 
in 1949 and 1950. 
An undamaged plant at the 4·;; 
leaf stage and a plant with the 100 
percent defoliation treatment at that 
stage are shown in figs. 17 and 18, 
respectively. Figure 19 shows 100 
percent defoliation at the 8-10 leaf 
stage with check plants in the back-
ground. A close-up view of this 
treatment is shown in fig. 20. 
A randomized block design with 
four replications was used in this 
experiment with an undamaged 
check plot included in each repli-
cation. Plot size was 4 x 10 hills. 
EXPERIMENT 3 
Four percentages of stand reduc-
tion, namely, 0, 10, 25 and 50 percent 
were made at each of three stages of 
growth and two percentages of de-
foliation. In 1949, the three stages 
of growth were 7-8 leaVES (2 feet 
tall), 11-12 leaves (4 feet tall) and 
40 percent tassel. In 1950, the 40 
percent tassel stage was deleted from 
the experiment and the 4-5 leaf 
stage was added. Two percentages 
Fig. 18. 100 percent defoliation at of defoliation, 0 and 50 percent, were 
4·5 leaf stage. used each year. Stand was randomly 
reduced to the desired percentages 
by cutting the plants off at ground level. At the 4-5 leaf stage, the grow-
ing point was below the ground surface and stand was reduced by com-
plete removal of the plant. No tillering or suckering resulted from 
plants so removed. In no case was stand reduced to less than one stalk 
per hill. 
A split-split-plot design, with four replications, was employed with 
defoliation percentage the whole plot, stage of growth the sub-plot and 
stand reduction the slIb·sub·plot. Plot size was 4 x 10 hills. 
DATA RECORDED ON EACH EXPERIMENT 
The following data were obtained in each plot in each experiment: 
Yield - Field weight recorded in pounds per plot and converted by 
the area moisture factors into bushels per acre and adjusted for stand. 
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Fig. 19. 100 percent defoliation at g·10 leaf stage. Check plants in 
background. 
Fig. 20. Close·up view of 100 
percent defoliation at g·10 leaf 
stage. 
Moisture percentage - Determined from a randomly selected sample 
of 10 ears. 
Weight per bushel- Calculated in pounds from a sample of seed 
uniformly dried to 15 percent moisture. 
Kernel weight - Recorded in grams per 100 kernels. Samples se· 
lected from seed uniformly dried to 15 percent moisture. 
Stand - Actual stand per plot at time of harvest. 
Stalk lodging, percent broken plants, and percent dropped ears-
Actual counts were made. Because of small differences between treat· 
ments, these data were not included in this report. 
Yield, weight per bushel and weight per 100 kernels data were 
analyzed according to procedures described by Cochran and Cox (1). 
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EXPERIMENTAL RESULTS 
The results of the three experiments concerning the effects of de-
foliation and stand reduction on corn follow: 
EXPERIMENT 1 
The first experiment was designed to evaluate the effect of leaf area 
removal at various stages of development of the corn plant. Plots were 
subjected to six percentages of defoliation, 0, 10, 25, 50, 75 and 100 per-
cent, at each of four stages of growth-1l-1'2 leaves (4-feet tall). 40 per-
cent of exposed tassels shedding pollen, silks 75 percent dry and ears In 
milk. 
SEED YIELD 
Two-year mean yields expressed in bushels per acre and as a per-
centage of the mean of all checks are found in tableL6. The 2-year 
means in percent of check are shown graphically in fig. 21. Analyses 
of variance of yields (table 17) showed significant differences for mean 
yield among stages of growth. The 11-12 leaf, 40 percent tassel and sill,s 
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Fig. 21. Mean yields In percent of check, 
resulting from six percentages of defoliation at 
four stages of growth of corn, 1949·50. Mean 
of all checks: 85.6 bu./a. 
75 percent dry stages re-
sponded in a Similar way 
to defoliation. However, 
at the milk stage, de-
foliation reduced yields 
less than at the pre· 
ceding stages. The 
magnitude of the mean 
square attributable to 
percentages of defoli-
ation was explained by 
the substantially differ-
ent yields resulting from 
the different treatments . 
Only when defoliation 
exceeded 50 percent was 
the response at the 40 
percent tassel stage slg· 
nificantly lower. This 
tendency became increas-
ingly more apparent as 
percentage of defoliation 
increased. The 10 per-
cent defoliation treat· 
ment did not significant· 
ly reduce yields at any 
stage. Defoliation of 25 
percent Significantly re-
duced yields only at the 
11-12 leaf and 40 percent 
tassel stages. The gener-
al trend, however, was 
toward progressively 
lower yields as' percent-
ages of defoliation In· 
creased. Lack of statisti-
cal significance at the 
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TABLE 16. MEAN YIELDS (IN BUSHELS PER ACRE) OF CORN SUB. 
JECTED TO SIX PERCENTAGES OF DEFOLIATION AT 
FOUR STAGES OF GROWTH, 1949·50. 
Percent defoliation 
Stage of growth I I I 
\ 
I 
0 I 10 j 25 \ 50 75 \ 100 
I I I \ I 
I I I 
\ 
I 
11-12 leaves 
\ 
I I 
1 
Mean yield 85.7 81.8 \ 76.3 63.9 44.6 16.8 
Percent of check 100.1 
I 
95.6 I 89.1 \ 74.7 52.1 19.6 
I I \ I 40 percent tassel I I 
\ 
I 
Mean yield 87.2 83.3 I 77.1 I 62.8 39.5 I 0.0 Percent of check 101.9 97.3 I 90.1 \ 73.4 \ 46.1 \ 0.0 
I I I I I Silks 75 percent dry \ I I I 
Mean yield 82.0 I 79.9 \ 76.4 I 60.4 I 46.4 \ 17.4 Pcrcent of check 95.8 93.3 \ 89.3 I 70.6 54.2 I 20.3 
I I I I I Milk I I 
1 
I Mean yield 87.6 I 85.9 I 85.2 I 69.0 59.2 40.9 Percent of check 102.3 I 100.4 \ 99.5 80.7 69.2 \ 47.8 
Mean of all checks - 85.6 bu./a. 
lower percentages of defoliation should not detract from the impor-
tance of the observed trends. The magnitude of the experimental error 
precluded attempts to establish probability statements on the above-
mentioned small differences in yields. 
The highly significant interaction from stages of growth X percent· 
ages of defoliation implied that the effect of various percentages of de· 
foliation varied considerably among stages of growth. These results are 
shown in fig. 21. 
The magnitude of the variance from stages of growth X years was 
attributed to the variability in response to defoliation at the 11·12 leaf 
TABLE 17. ANALYSES OF VARIANCE OF YIELDS OF CORX IN 
EXPERnlENT I, 1949. 1950 AND CO),IB1XED. 
Mean squares 
Source of variation d.f. I 
1949 j 1950 1949-50 
I 
Stages of growth 3 806.37· I 1,843.91"1 1,600.09·· 
Replica tions 3 332.73 I 207.61 
Error (a) 9 157.85 I 104.65 I 
Years 1 I 302.26 
Stages X years 3 I 1.050.20" 
Error (al) 18 
12.137.29 •• 1 
131.25 
DefOliations 5 9,438.39·' 21,425.24" 
Replications 3 332.73"1 207.61" 
Error (b) 15 21. 76 ! 17.58 
Defo!. X stages of growth 15 108.92" 263.91'· 316.62"" 
Defol. X stages X rep. \ 
Error (c) 45 39.65 \ 23.11 I 
I I 
Defoliations X years 5 \ \ 150.44" 
Defo1. X stages X years 16 I I 56.22· 
Error (Cl) . 90 I i 31.38 
I \ 
Coefficient of variation 10.23%\ 7.50%\ 8.90% 
·F value exceeds 5 percent leve1. 
··F value exceeds 1 percent level. 
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Fig. 22. L. to r. Ears resulting from six percentages of defoliation at 
40 percent tassel stage: 0, 10, 25{ 50, 75 and 100 percent. (Note: No ear 
developed at 100 percent defoliat on, extreme right.) 
and milk stages. At the 11-12 leaf stage, yields in 1949 were noticeably 
higher than in 19·50. The opposite trend was noted in the other three 
stages. Yields were slightly higher at the 40 percent tassel and silks 
75 percent dry stages and considerably higher at the milk stage in 1'950, 
when compared to 1949. 
The highly significant interaction from percentages of defoliation X 
years indicated a dissimilar response to defoliation in the two seasons. 
Explanation of the preceding interaction pointed out differences in stage 
of growth response between years. Enlargement of this point to Include 
the differential response at specific percentages of defoliation explains 
Fig. 23. L. to r. Ears resulting from six percentages of defoliation at 
silks 75 percent dry stage: 0 .. 10, 25, 50, 75 and 100 percent. 
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Fig. 24. L. to r. Ears resulting from six percentages of defoliation at 
milk stage: 0, 10, 25, 50, 75 and 100 percent defoliation. 
the defoliation X years interaction. The interaction of defoliation X 
stages of growth X years barely exceeded the 5 percent level of sig-
nificance. 
Representative ears resulting from 0, 10, 25, 50 and 75 percent de-
foliation at the 40 percent tassel stage are shown in fig. 22. Figures 
23 and 24 show sample ears resulting from 0, 10, 25, 50, 75 and 100 per-
cent defoliation at silks 75 percent dry and milk stages. These photo-
graphs are indicative of yields resulting from the treatments adminis-
tered. Photographic comparisons of ears resulting from 50 percent and 
100 percent defollation at the above-mentioned stages of growth are 
shown in figs. 25 and 26, respectively. 
Fig. 25. L. to r. Ears resulting from no defoliation, 50 percent de· 
foliation at 11·12 leaf, 40 percent tassel, silks 75 percent dry and milk 
stages. 
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Fig. 26. L. to r. Ears resulting from no defoliation. 100 percent defoli· 
ation at 11·12 leaf. silks 75 percent dry and milk stages. (Note : No ear 
from 40 percent tassel stage.) 
WEIGHT PER BUSHEL 
Two·year mean weights expressed in pounds per bushel and as a per· 
centage of the mean of all checks are presented in table 18. Weight per 
bushel was not significantly reduced at any stage of growth when de· 
foliation did not exceed 50 percent. Significantly lower test weights 
occurred only at silks 75 percent dry and milk stages with 75 and 100 
percent defoliation. At the 11·12 leaf and 40 percent tassel stages, a 
slight trend was noted for lower test weights as levels of defoliation 
Increased. This trend. however, was not statistically significant. It was 
concluded that weight per bushel was not noticeably affected by defolia· 
tion at the "ear shoot" stage or at earlier stages of growth. 
TABLE IS . )IEAN WEIGHT PER BUSHEL (IN POUNDS) OF CORN 
SUBJECTED TO SIX PERCENTAGES OF DEFOLIATION AT 
FOUR STAGES OF GROWTH. 1949·50. 
Percent defoliation 
Stage of growth 
0 10 25 50 75 100 
11·12 leaves 
57.6 57.0 56.1 Mean weight/bushel 5S.i 57.S 57.7 
Percent of check 99.5 98.0 97.S 97.6 96.6 95.1 
40 percent tassel 
5S.7 58.8 58.4 58.4 57.9 0.0 Mean weight/bushel 
Percent of check 99.5 99.2 99.0 99.0 98.1 0.0 
Silks 75 percent dry 
59.1 57.7 57.6 57.7 54.7 47.9 Mean weigh t Ibushel 
Percent of check 100.2 97.8 97.6 97.8 92.7 SI.2 
Ears In milk 
Mean weight/bushel 59 .5 58.4 59 .1 57.9 55.5 49.6 
Percent of check 100.8 99.0 100.2 98.1 94.1 84.1 
Mean of all checks - 59.0 lb./bu. 
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Severe defoliation (75 percent or more) after fertilization and initial 
kernel development noticeably lowered weight per bushel. At silks 7'5 
percent dry and milk stages, 75 percent defoliation resulted in a 6 to 8 
percent decrease in weight per bushel, and at 100 percent defoliation, 
weight per bushel was decreased about 18 percent. Results in both years 
were in close agreement. 
KERNEL WEIGHT 
Two-year mean kernel weights expressed in grams per 100 seeds and 
as a percentage of the mean of all checks are presented in table 19. An 
inverse relationship between kernel weight and percentages of defoliation 
was noted at all stages of growth. As defoliation increased, kernel 
weight became progressively smaller. This trend was accentuated when 
defoliation exceeded 50 percent. Largest reductions in kernel weight 
were generally noted at the silks 75 percent dry stage. Reductions in 
kernel weight at the milk stage were of similar order. Defoliation had 
least effect on kernel weight at the 40 percent tassel stage. 
TABLE 19. lITEAN KERNEl, WEIGHT (IN GRAMS PER 100 SEEDS) OF 
CORN SUBJECTED TO SIX PERCENTAGES OF DEFOLIA-
TION AT FOUR STAGES OF GROWTH, 1949"50. 
Percent defoliation 
Stage of growth I I I I I 0 10 I 25 I 50 I 75 I 100 I I I I 
I I I I I 
11-12 leaves I I I I I 
Mean kernel weight 29.4 I 28.8 I 26.8 I 24.3 I 24.0 I 21.9 Percent of check 101.4 I 99.3 I 92.4 I 83.S I 
82.8 75.5 
I I I 
40 percent tassel I I I Mean kernel weight 28.8 I 28.9 I 29.5 I 27.3 I 26.8 0.0 
Percent of check 99.3 I 99.7 I 101.7 I 94.1 I 92.4 I 0.0 I I I I Silks 75 percent dry I I I I I 
Mean kernel weight 28.6 I 27.6 I 26.8 I 23.9 I 21.7 I 13.2 
Percent of cheCk 98.6 I 95.2 I 92.4 I 82.4 I 74.8 I 45.5 
I I I I 
Ears in milk I I I 
I I Mean kernel weight 29.1 I 28.4 I 28.1 I 25.2 19.8 14.6 Percent of check 100.3 I 97.9 I 96.9 I 86.9 68.3 50.3 
:lrean of all checks - 29.0 grams/lOO kernels. 
At all stages, 10 percent defoliation did not noticeably lower kernel 
weights. Progressively lower weights resulted at 25 and 50 percent de-
foliation. At 75 percent defoliation, kernel weights were 82.8, 92.4, 74.8 
and 68.3 percent of check at the 11-12 leaf, 40 percent tassel, silks 75 
percent dry and milk stages, respectively. At 100 percent defoliation, 
weights decreased to 75.5, 0, 45.5 and 50.3 percent of checl;: at the re-
spective stages of growth. 
SEED QUALITY 
Seed quality, as shown by weight per bushel and Jrernel· weight, was 
lowered noticeably only by heavy defoliation at silks 75 percent dry and 
milk stages. Grain from all other treatments graded U.S. No. 2 or 
better. Very poor quality grain resulted from 75 and 100 percent de-
foliation at silks 7·5 percent dry and milk stages. The immediate effect 
of defoliation was a sharp curtailment of carbohydrate production. The 
ear, with its full complement of developing kernels, reflected this short-
age of carbohydrates in two ways: (1) in over-all cob shrinkage and 
(2) In variable competition of developing kernels for the limited nutrient 
supply. Basal kernels continued to develop at the expense of terminal 
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Fig. 27. L. to r. Ears and kernels resulting from no defoliation, 100 
percent defoliation at 11-12 leaf, silks 75 percent dry and milk stages. 
kernels. Mature ears had near-normal basal kernels and shriveled, chaffy 
kernels at the tip, resulting in a lower over-all seed quality. 
Figure 27 shows representative ears and kernels from plants de· 
foliated 100 percent at the 101-12 leaf, silks 75 percent dry and milk stages 
in comparison with checlL 'l'his photograph clearly shows cob shrinkage 
and inferior seed quality resulting from severe defoliation at the laUer 
two stages in comparison with the plump, fully·developed kernels from 
the check ear. 
EXPERII\IENT 2 
In .Experiment 2, 100 percent of exposed leaf area was removed at 
six stages of growth: 4·5 leaf, 8-10 leaf, 11·12 leaf, 14·15 leaf, 40 per-
cent of exposed tassels shedding pollen and 15-20 percent of the silks dry. 
SEED YIELD 
Two-year mean yields expressed in bushels per acre and as a per· 
centage of the mean of all checks appear in table 20 and are shown 
TABLE 20. MEAN YIELDS (IN BUSHELS PER ACRE) OF CORN SUB-
JECTED TO 100 PERCENT DEFOLIATION AT SIX 
STAGES OF GROWTH, 1949-50. 
Stage of growth 1949-00 Percent ;llean of check 
Check 97.1 100.0 
4-5 leaves 96.0 99.1 
8-10 leaves 88.5 91.2 
11-12 leaves 55.3 57.0 
14-15 leaves 14.3 14.7 
40 percent tassel 0.0 0.0 
15-20 percent silks dry 18.6 19.2 
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graphically in fig. 28. Analyses of variance of yields (table 21) indicated 
extreme differences among means for stages of growth. Mean yields 
ranged from 97.1 bushels per acre (checks) to 0 bushels per acre (40 
percent tassel stage). 
The effect of defoliation 
was very similar in both 
years. Non·significance 
pf the interaction of 
stages X years indicated 
stages of growth re-
sponded in a similar 
way to defoliation in 
both Years. 
Results in 1950 were 
closely comparable to 
those in :1949. With 
100 percent defoliation 
at the 4·5 leaf stage, 
no appreciable reduction 
in yield resulted, but 
as progressively more 
leaf area was exposed 
(and subsequently re-
moved), yield was rapId-
ly lowered. At the 40 
percent tassel stage, 
when 100 percent of the 
total ultimate leaf area 
was exposed, complete 
defoliation resulted In 
zero yield. At the 40 
percent tassel stage, 
photosynthesis apparent-
Jy occurred in leaf 
sheaths and stalks in 
amounts sufficient to 
keep stalks alive, al-
though ear shoots did 
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checks: 97.1 bu./a. 
not develop. Complete defoliation at 15·20 percent sill,s dry stage reo 
sulted in a very limited fUrther ear development. Representative ears 
resulting from no defoliation and 100 percent defoliation at the six 
stages of growth in this experiment are shown in fig. 29. 
TABLE 21. ANALYSES OF VARIANCES OF YIELDS OF CORN IN 
EXPERUIENT 2, 1949, 1950 AND COMBINED. 
:\Iean squares 
Source of variation d.f. T 
1949 1950 I 1949-50 
-----
, 
Stages of growth 5 6,046.55' 5,653.87··111,674.44" 
Replications 3 56.89 81.29 ,. 
Error 15 5S.78 22.51 
I Years 1 0.12 Stages X years 5 25.98 
Error 30 I 40.65 
*F value exceeds 5 percent level. 
• OF value exceeds 1 percent level. 
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Fig. 29. L. to r. Ears resulting from 100 percent defoliation at six 
stages of growth : check, 4-5 leaf, 8-10 leaf, 11-12 leaf, 14·15 leaf, 40 percent 
tassel (no ear) and silks 15-20 percent dry stages. 
WEIGHT PER BUSHEL, KERNEL WEIG1iT AND SEED QUALITY 
Two·year mean Weights expressed in pounds per bushel and as a per· 
centage of the check mean are presented in table 22. Weight per bushel 
was reduced considerably only at the 15-20 percent silks dry stage. Are· 
duction from 58.5 to 46.3 pounds per bushel (77.4 percent of check) reo 
sulted from 100 percent defoliation at this stage. 
TABLE 22. MEAN WEIGHTS PER BUSHEL (IN POUNDS) AND MEAN 
KERNEL WEIGHTS (IN GRAMS PER 100 SEEDS) OF CORN 
. SUBJECTED TO 100 PERCENT DEFOLIATION AT 
Mean 
Percent of check 
SIX STAGES OF GROWTH, 1949-50. 
Check 
58.5 
100.0 
Stages of growth 
1 4-5 1 8-11 1 11.12 1 14.15 140 % 1 15 %.20% Leaves Leaves Leaves Leaves Tassel Silks dry 
I I I I I I 
~Velght rer bus hlel (lbS.~ 
58.6 I 58.1 I 57.9 57.3 I 0.0 
100.2 I 99.2 I 97.6 _ 97.9 I 0.0 
I I I 
Kernel weight (gms/100) 
45.3 
77.4 
I I I I Mean 31.0 29.9  29.0 24.9 23.7 I 0.0 14.3 
~P~er~c~e~n~t~o~f~c~he~c~·k~_1~0~0~.O~~~96~.~5~~9~3~.5~1~8~O~.3 __ ~_76_.~5~1 ___ O~.O~ __ 4~6~. 1~ __ 
Two·year mean kernel 'weights expressed in grams per 100 seeds and 
as a percentage of the check means also are presented in table 22. 
Kernel weight was progressively lowered by 100 percent defoliation 
as plant growth progressed from the 4-5 leaf stage, 1i) days following 
emergence, to the sllking stage of development. Although 1950 kernel 
weights generally were 1 to 2 grams per 100 kernels heavier than 1949, 
trends established in ·1949 were closely followed In 1950. One exception 
to this close agreement between years should be noted. Kernel weight 
at the 16·20 percent silks dry stage in 1949 was 11.0 grams per 100 
kernels. The 1950 weight was 17.6 grams. This 6.6-gram difference 
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was partially explained by the generally more favorable soil moisture con· 
ditions preceding the defoliation treatment in 1950. 
Kernel quality, as shown by weight per bushel and kernel weight, 
was lowered noticeably only at the silks 15·20 percent dry stage of 
growth. Seed from 100 percent defoliation at this stage was light, 
chaffy and of very poor quality. Grain from all other treatments graded 
U.S. No. 2 or better. 
EXPERIMENT 3 
'rhe third experiment was designed primarily to measure the effects 
of different percentages of stand reduction at two percentages of de· 
foliation each at three stages of growth. 
SEED YIELD 
Experiment 3 consisted of ° and 50 percent defoliation each with 0, 
10, 25 and 50 percent stand reduction at each three stages of growth. 
Yields in bushels per acre and in percent of check for 1949 and 1950 are 
presented in table 23. Analyses of variance of yields are given in table 24. 
After a thorough examination of the data, many questions regarding 
the effect of stand reduction on yield remain unanswered. It was evi· 
dent that the effect. of environment during the growing season deter· 
mined to a considerable extent the ultimate effect on yield of stand reo 
duction and defoliation. Although rather wide differences in various 
stand reductions were observed between years, several trends were evi· 
dent. Yields were progressively lowered as stand was reduced. Stand 
reduction of 10 percent reduced yields about 6 to 9 percent In 1950, 
TABLE 23. MEAN YIELDS (IN BUSHELS PER ACRE) OF CORN RE· 
SULTING FROM FOUR PERCENTAGES OF'STAND REDUCTION 
AT TWO PERCENTAGES OF DEFOLIATION FOR THREE 
STAGES OF GROWTH, 1949 AND 1950. 
7·8 leaves 
Mean bushels/acre 
Percent of check 
11·12 leaves 
Mean bushels/acre 
Percent of cheCk 
40 percent tassel 
Mean bushels/acre 
Percent of check 
4·5 leaves 
Mean bushels/acre 
Percent of check 
7·8 leaves 
Mean bushels/acre 
Percent of check 
11·12 leaves 
Mean bushels/acre 
Percent of check 
o percent defoliation 50 percent defoliation 
P€'rcent stand reduction Percent stand reduction 
o 
I I 
, 10 , 25 
I , 
50 o I 10 I 25 I 60 
70.6 
100.0 
61.6 
100.0 
77.4 
100.0 
, , , , 
, 
1
68.6 
97.2 
I 64.3 
'104.4 
I, 66.0 
85.3 , 
1949 
" 66.7 59.1 70.5 I 79.9 'I' 94.5 83.7 99.9 '113.2 
1 56.1 55.4 66.2162.7 
I
II' 91.1 89.9 107.5 1101.8 I 
57.2 45.7 56.6158.61 73.0 59.0 73.0 75.6 
1950 
68.3 
96.7 
60.1 
97.6 , 
, 
55.9 
79.2 
49.4 
80.2 
51.1 I 37.6 
66.0 48.6 
I 
100.0 94.3 93.1 70.8 98.3 95.2 78.4 " 73.9 173.0 155.5 77.1 174.6 1 72.4 I 
II :::: I 
61.1 
77.9 
I' ' 84.0 I 77.4j75.3 1 57•0 85.0 1 77.9 100.0 ,92.1 89.6 67.9 101.2 92.7 
79.7 I' 73.1' 1 71.0 1 53.3 67.8 \ 65.7 100.0 91.7 89.1 66.9 85.1 82.4 
82.1 I 
57.1 I, 
71.6 
58.8 
70.0 
46.2 
58.0 
502 
TABLE 24. ANALYSES OF VARIANCE OF Y;IELDS OF CORN IN 
EXPERIMENT 3, 1949 AND 1950. 
Source of Mean squares d.f. 
variation 1949 1960 
Defoliations 1 142.24 
Replications (1949) 2 139.28 
Replications (1950) 3 
Error a (1949) 2 659.12 
Error a (1950) 3 
Stages of growth 2 756.62" 
Error b (1949) 4 93.16 
Error b (1950) 6 
Stand reductions 3 1,067.67'· 
Check X stand 
reduct. 1 
Within stand 
reduct. 2 
Error c (1949) 6 46.15 
Error c (1950) 9 
Defoliation X 
stages 2 278.33 
Error d (1949~ 4 174.14 
Error d (1950 6 
Defoliation X 
stand reduct. 3 47.33 
Error e (1949) 6 30.83 
Error e (1950) 9 
Stages X 
stand reduct. 6 66.32· 
Error f (1949) 12 20.27 
Error f (1950) 18 
Defol. X stages 
X stand red. 6 62.27 
Error g (1949) 12 28.36 
Error g (1950) 18 
OF value exceeds 5 percent level. 
•• F value exceeds 1 percent level. 
270.35u 
20.82 
6.70 
690.06" 
19.19 
2.374.52** 
916.78" 2.741.08" 
1.143.11'· 2,191.25** 
9.01 
276.27'· 
17.88 
47.45 
17.87 
24.46 
39.27 
11.02 
35.66 
while the response in 1949 was more erratic. Yields were further re-
duced by 25 percent stand reduction with the effect similar in both 
years. Yields generally were lowered about 30 percent by 50 percent 
stand reduction, with rather widespread differences between years. 
In both years all stages of growth responded in a similar way to 
respective percentages of stand reduction. In general, yields Were 
progressively decreased as stage of growth became later and percent-
ages of stand decreased. However, in 1949, yields resulting from stand 
reduction at the 40 percent tassel stage were noticeably lower than yields 
resulting from similar losses of stand at earlier stages of plant develop-
ment. Although differences among stages were non'significant, a rather 
slight downward trend in yields was noted as stand was reduced at 
progressively later stages of growth. No exceptions to this trend Were 
noted in 1950. 
When 50 percent defoliation was simultaneously applied with stand re-
duction at the 4-5 and 7-8 leaf stages, no further reduction in yield was 
observed. Yields at the 11-12 leaf and 40 percent tassel stages were 
further reduced by 50 percent defOliation, although the effects of these 
widely different types of injury were not directly additive. Evidence of 
a defoliation X stand reduction interaction was not indicated by the 
analysis of variance. AnalysiS of variance of the combined data can· 
tributed little information to this study and was omitted for this reason. 
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WEIGHT PER BUSHEL, KERNEL WEIGHT AND SEED QUALITY 
Stand reduction at the stages of growth treated in this experiment 
had no noticeable effect on weight per bushel. For this reason, weight 
per bushel data were omitted. 
Stand reduction at the stages of growth treated in this experiment 
had no noticeable effect on kernel weight. The data were omitted. 
Although there were no noticeable trends in effect of stand reduction and 
defoliation, a comparison of the means for all checks with means for all 
treatments indicated that the combined effects of stand reduction and de-
foUation give slightly higher kernel weights. In each year the mean for 
all treatments was 1 to 2 grams per 100 kernels higher than the mean of 
all checks. -
Seed quality was not affected by stand reduction and defOliation 
treatments in this experiment. 
DISCUSSION 
The importance of environment, and particularly those factors of en-
vironment relating to the effect of defoliation, stand reduction and stages 
of growth on yield, was apparent upon examination and interpretation 
of the corn data. 
In Experiment 1, in 1950, severe defoliation (50 percent or more) 
caused leBs loss of yield at the 40 percent tassel, silks 7'5 percent dry 
and particularly at ears in milk stages of growth, than in 1949. This 
possibly was due to more favorable weather conditions during the latter 
part of the growing season in 1950 than in 1949. Precipitation data for 
the growing season and departure from normal during 1949 and 1950 are 
presented in table 25. 
TABLE 25. PRECIPITATION IN INCHES FOR THE GROWI:-';G SEASON 
IN 1949 AND 1950. AGRONO:lfY FAR:lI. AllES. IOWA.· 
I Normal Departure Der,arture 
:llonth preclplta- 1949 from 1950 rom 
tion normal normal 
March 1.43 2.21 0.78 0.53 -0.90 
April 2.61 1.14 -1.47 1.40 -1.21 
May 4.18 1.36 -2.82 7.14 2.96 
June 4.34 3.91 -0.43 i.35 3.01 
July 3.42 1.93 -1.49 1.92 -1.50 
August 3.70 1.98 -1.72 1.79 -1.91 
September 4.28 4.36 0.08 1.22 i -3.06 
From "Climatological Data-Iowa" published by U. S. Dept. of Comm., 
Weather Bur. 
Soil moisture probably was a limiting factor in plant growth during 
the latter part of July, August and September in 1950. It might be con-
cluded that, because of limited soil moistUre, total leaf area was not as 
critical a factor as it normally would be. The above data provide a 
probable explanation for the markedly different yield results obtained 
for the two years in the medium and heavy defoliation at the milk stage 
of growth. At 50, 75 and 100 percent defoliations in 1949, ~'ields were 
71.8, 60.7 and 34.7 percent of check, respectively. In 1950, the yields in 
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percent of check were 89.4, 77.7 and 60.9 for the same percentages of 
defoliation. Apparently low soil mOisture in the latter part of the 1950 
growing season had less injurious effect on defoliated plants dian nor-
mally would be expected in a season with optimum moisture conditions. 
In 1949 temperatures were nearly normal during the growing season, 
while in 19~0 predominantly cool temperatures prevailed. It is probable 
that cool temperatures in 1950 lowered the plant moisture requirement, 
and thus tended to minimize the adverse effect of defoliation. 
The 1949 stand reduction experiment was not entirely consistent with 
the 1950 data. It is difficult to estimate the influence of weather con-
ditions on the Ultimate yield of flelds injured by stand reduction. 
Seasonal moisture conditions exhibit profound influence on the yield 
from stand reduction. In drier years, such as 1949 and to a lesser ex-
tent 1950, when moisture was a limiting factor for maximum yield, the 
effect of stand reduction was minimized. Certainly, much of the In-
consistency observed between years in the stand reduction experiment 
should be attributed to the different plant environment in the two years. 
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